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ABSTRACT

During the 1950's, atmospheric release of 1-131 was one of the largest contributors to offsite dose
a the Savannah River Site (SRS). Many parameters with wide ranges of uncertainty are used to
estimate the dose resulting from a given air concentration or deposition. Transport factors are
defined as that factor which is multiplied by the air concentration (or deposition) and the appropriate
dose conversion factor to estimate dose. Uncertainties are estimated for the period of 1955-1961
for dl parameters contributing to the trangport factor for each pathway. These uncertainties will

then be used in conjunction with research being conducted by Dr. Hamby at Oregon State
University to propagate a probabilistic dose. Thiswork was funded by the Centers for Disease
Control and Prevention.
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UNCERTAINTY IN TRANSPORT FACTORSUSED TO
CALCULATE DOSE FROM [-131 RELEASES AT SRS
FOR THE PERIOD OF 1955-19611

By A. A. Smpkins

Westinghouse Savannah River Company
Savannah River Site
Aiken, SC 29808

1 INTRODUCTION

During the 1950’ s, atmospheric release of 1-131 was one of the largest contributorsto offsite dose
a the Savannah River Site (SRS). Offdte doseis estimated for the following pathways: 1)
inhdation; 2) ingestion of milk, meat, and vegetables, and 3) plume and ground shine. Many
parameters with wide ranges of uncertainty are used to estimate the dose for each of these
pathways.

Pathway-specific trangport factors are defined as that factor which is multiplied by ether air
concentration or ground deposition and the appropriate dose conversion factor to estimate dose.
Uncertainties are estimated for the period of 1955-1961 for transport factors for each pathway.
The years 1955-1961 were chosen because more than 95% of the 1-131 released at SRS was
during thistime period.

2. BACKGROUND

Routine atmospheric release dose models used a SRS drictly follow U. S. Nuclear Regulatory
Commission (NRC) Guides 1.109 and 1.111 (USNRC 19773, 1977b). The model used at SRS
to determine the dose for the maximally exposed offsite individuad (MEI) is MAXDOSE-SR
(Simpkins, 1999). Daosesfor the MEI are determined by summing the dose contribution for
various pathways as represented by the following equetion:

+D

D = Dinh + Dveg + Dbeef + D plume + Dground (1)

milk
where
Diyy  dosecontribution from inhaation

Dy dosecontribution from ingestion of vegetables (leafy and other)

1 This work was performed under a grant with the Centers for Disease Control and Prevention (no.
R32/CCR018377-01).
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Dpes  dose contribution from ingestion of beef

Dmik  dose contribution from ingestion of milk (cow or goat)

Dpiume dose contribution from plume shine

Dground dose contribution from ground shine

Each of the doses discussed above are represented by a generic equation:
D=DCF-TF, - C- CF @)
where

DCF  dose conversion factor

TF, transport factor for pathway p

C concentration (air or ground, as appropriate)

CF  converson factor (if necessary — seconds to years — millirem-rem, etc.)

Using Simpkins (1999), the transport factors can be caculated from the equations used to estimate
dose. For theinhaation dose pathway the transport factor is as follows:.

TF,, ={@- F)+DEP-F}-BR- ¢ A3)
where

TFinn  trangport factor for inhaation dose (nlyr)

F fraction of iodine thet is dementa (unitless)

DEP  depletion factor (unitless)

BR  bresthing rate (mlyr)

I radioactive decay constant (1/yr)

t time period from release to receptor (yr)

Dose contribution from the ingestion of vegetables is caculated separately for leafy and other
vegetables. The trangport factor equation used for leafy and other vegetablesis the same, but
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some of the parameters are assigned different vaues. The transport factor for vegetablesis as
follows

e ér(1-eg'ite B (1- e'®)U u
LR T e e e T @
8 e vl P-l g

where

TF. trangport factor for vegetable type leafy or other (nf/yr)

Uy consumptionrate of vegetables (kg/yr)

fu fraction of vegetables that are home grown (unitless)

fi fraction of iodine assumed to be dementa (unitless)

f fraction of the nuclide deposited that remains on the surface of the plant (unitless)
[  decay constant that represents both weathering and radioactive losses (1/yr)

te crop exposure time (yr)

Y,  crop productivity (kg/nr)

Bi element-specific soil/plant uptake ratio (unitless)

th time period over which the buildup of radionuclides occurs (yr)

P surface soil dengity (kg/n)

th hold-up time after harvest (yr)

For ingestion of beef and milk, the same equation is used to calculate the transport factors however

different parameters are used. The termsin parentheses represent the two separate ingestion
pathways of grazing and the consumption of stored feed.

é_ _ Al _ _alt U ’_ _ e _ _ althy U
(o) B b g Rd-e™) B
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TR, = }_fpfs
1

@
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cow

where
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TFew transport factors for ingestion of beef or milk (m/yr)

fo fraction of time cattle spend on pasture (unitless)

fs fraction of time cattle graze while on pasture (unitless)

ft feed transfer coefficients for beef cow and milk cows (d/L or d/kg)

Q cattle feed rates for beef and milk cows (kg/yr)

t; transport times for beef and milk (yr)

Uew  cOnsumption rates of beef or milk (kg/yr)

All other terms have been previoudy defined.

Immersion in aradioactive plume of 1-131 contributes an inconsequentia dose to the receptor
:ggf ge shine dose istypicaly only estimated for noble gases, therefore, this pathway is not

For ground shine dose the transport factor is asfollows:

TFyouma = SF- | - € (6)

where

TFgrounatransport factor for ground shine (n/yr)
SF shidding factor, (unitless)

Other terms have been previoudy defined.

For each of the transport factors previoudy discussed, a probabilistic distribution is desired which
can be used in equation 2 dong with other distributions to estimate on overal probabilistic dose.
To esimate this probabilistic digtribution, each parameter is examined and an uncertainty rangeis
assigned using amean vaue and an appropriate distribution.

3. DETERMINATION OF UNCERTAINTY

Looking at equations two through six shown above, there are many parameters for which to assgn
uncertainty. To cost-effectively perform the research, efforts need to be concentrated on
parameters that have a greater effect on resulting dose. To determine which pathways are of the
greatest importance for an atmospheric release of 1-131, a smple dose ca culation was performed
usng MAXDOSE-SR (Simpkins 1999).
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For aunit release of elemental 1-131 from the center of SRS, the dose breakdown by pathway is
shownin Table 1. For an amospheric release of 1-131 amgority of the dose to humansis
contributed by the ingestion of vegetables and milk. Therefore, when estimating the uncertainty in
transport factors, parameters used to estimate the dose from these pathways will be examined
more carefully.

Tablel. Daose Contribution for Unit Release of lodine-131 from SRS Center

Pathway Dose % of

(mrem) total
Plume 0 0%
Ground 1.2E-04 1%
Vegetation| 8.2E-03 74%
Beef 3.6E-04 3%
Milk 2.2E-03 20%
Inhalation | 1.8E-04 2%
Total 1.1E-02

To further define specific research areas, a Microsoft Excel spreadsheet entitled MAXINE
(Hamby 1994) was used to determine which parameters had the greatest effect on dose. The
methodology within MAXINE is based on MAXDOSE-SR (Simpkins 1999). Both codes
determine dose to the maximaly exposed offgte individud for routine releases of amospheric
radioactive materids to the environment. MAXINE, however, does not include an atmospheric
disperson modd, but rather uses relative air concentrations and deposition values determined by
MAXDOSE-SR. These concentrations are then used to estimate the dose from al pathways.

To determine the relative importance of parameters on resulting dose, each parameter was
assgned a uniform distribution centered on currently used average values with arange of £50%.
For certain terms where this range was not feasible (i.e. value of 1 with valid range of 0-1),
adjusments were made. Also, for the haf-life parameter, which has a high degree of certainty, a
narrow range was used. The relative air concentrations, deposition vaues, source term and dose
conversion factor were assumed to be congtant. Crystal Ball© was used to perform a sensitivity
andysis of theresulting dose. Crystd Bal© isaforecasting and risk andlysis program that runs
with Microsoft Exce ©.

The reaults of thisanalyss are shown in Table 2. Results are shown as a percent contribution to
overal uncertainty and parameters whose contribution is equa to or less than 0.1% are not shown.
As expected, those parameters associated with vegetable consumption contribute most to overal
uncertainty. However, this andyss further refines which parameters need careful consderation of
their respective uncertainty.

Table 3 showsalig of al variables usad to determine the transport factors long with their
assigned vaues and uncertainty ranges. The determination of uncertainty for each variable isthen
discussed. For those parameters that are the same for different pathways (i.e. soil density), they
areonly listed once. Parameters are discussed in the order in which they appeared in Section 2.
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Table2. Parameter Sengtivity in 1-131 Dose Cdculation
(in order of decreasing senstivity)

Parameter Relative Sensitivity
(%)
Produce Productivity 23.4
Leafy Vegetable Consumption 18.1
Retained Fraction (Iodines) 17.0
Elementd lodine Fraction 16.8
Fraction of Leafy-Veg from Garden 6.6
Weathering Rate Congtant 4.0
Produce Holdup Time 3.6
Pasture Grass Productivity 24
Milk Cattle Feed Consumption 14
Milk Transfer Factor 14
Milk Consumption 1.3
Fraction of year on Pasture (milk) 1.3
Pasture Grass Holdup Time 0.8
V egetable Consumption 0.4
Breathing Rate 04
Fraction of Intake from Pasture (milk) 0.2
Leafy Vegetable Holdup Time 0.2




WESTINGHOUSE SAVANNAH RIVER COMPANY

WSRC-RP-2001-00334, Rev. 1

Table3. Parameter Uncertainty
Symboal Parameter (units) Dist Mean2 Sandard
Typel Deviation or
Range3
F Fraction of iodine that is elemental (unitless) U 0-06
DEP Depletion factor (unitless) N 0.7 0.07
BR Breathing rate (m*/y) N 8500 1700
I Radioactive decay constant (1/y) T 8.0207 +0.1%
t Time period from release to receptor (y) C 0
U, Consumption rate of vegetables (kg/y) LN 150 20
Uy Consumption rate of leafy vegetables (kg/y) LN 19 20
f, Fraction of vegetablesthat are home grown (unitless) T 05 0.25-0.75
fiv Fraction of leafy vegetables that are home grown (unitless) T 05 02510
r; Fraction of nuclide remaining on plant surface (unitless) U 0.09-09
" Decay and weathering losses (1/y) (sum withl) LN 18.07 14
te Crop exposure time (yr) N 70 7
Y, Vegetable productivity (kg/nf) LN 0.6 14
\ Leafy vegetable productivity (kg/nf) LN 06 14
B Soil/plant uptake ratio (unitless) U 0.02-0.2
ty Buildup time of radionuclides (y) U 1-7
P Surface soil density (kg/nT) N 240 17
thy Hold-up time after harvest-other vegetables (y) N 6 0.6
thy Hold-up time after harvest-leafy (y) N 1 01
fom Fraction of time milk cattle spend on pasture (unitless) U 0.75-1.0
fon Fraction of time beef cattle spend on pasture (unitless) U 07510
fem Fraction of time milk cattle graze while on pasture (unitless) U 05-0.75
fo Fraction of time beef cattle graze while on pasture (unitless) U 05-0.75
ftm Feed transfer coefficients for milk cows (d/L) LN 0.012 20
ftp Feed transfer coefficients for beef cows (d/kg) LN 0.0029 22
Qnmiik Feed rate for milk cow (kg/d) N 52 11
Qbeet Feed rate for beef cow (kg/d) N 36 7.8
tep Crop exposure time for pasture grass (y) N 70 0.7
tey Crop exposure time for stored feed(y) N 70 0.7
thp Hold-up time after harvest-pasture grass (y) Cust 0.75(0),0.25
(0.019)
ths Hold-up time after harvest- stored feed (d) N 0 0.9
tim Transport time for milk (d) LN 3 15
tw Transport time for beef (d) LN 6 14
\ Pasture grass productivity (kg/nf) LN 0.7 18
Yy Productivity of stored feed (kg/nf) LN 04 14
Unitk Consumption rate of milk (kgly) LN 140 26
Ubeet Consumption rate of beef (kgly) LN 0 26
SF Shielding factor (unitless) U 0-10

1 pigtributions; LN — lognormal, N —Normal, T, Triangular, U — Uniform, C-constant, and Cust - custom

2 Arithmetic Mean for normal and lognormal distributions and mode for triangular distributions.

3 Standard Deviation for Normal distribution, geometric standard deviation for Lognormal distributions and
range shown for all others.
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3.1. Inhalation Pathway

3.1.1. Fraction of lodinethat is Elemental

Beforeiodineis released to the atmosphere it passes through an emission control system consisting
of ademigter filter bank, a high efficiency particulate air (HEPA) filter and a carbon filter bed.
These processes remove grester than 99.9 % of the iodine from the process ventilation air
(Kantelo, et d. 1990). Of theiodine remaining, very little has been done a SRS to quantify the
amount thet is eementdl.

According to USNRC. Regulatory Guide 1.109 ‘ haf the radioiodine emissons may be considered
nonelemental.” Studies a Hanford (Perkins 1963) indicated that |ess than one-third of the
radioiodine released was elemental. However, a SRS, according to Kantelo et a. (1990)
‘Elementa iodine...gppears to be aminor condituent of the chemica forms of iodine in stack air.’
Using thisinformation, the range seemsto be roughly between 10% to 50% elemental. To ensure
al possible ranges are covered, this parameter is assigned a uniform distribution with arange of 0
to 0.6.

3.1.2. Depletion Factor

The depletion factor is determined by MAXDOSE using equations which gpproximate the
depletion curvesin USNRC Regulatory Guide 1.111 (USNRC 1977b). For center of Ste
elevated releases, the depletion factor at the site boundary is approximately 0.7. A normal
digtribution is somewhat arbitrarily assgned with a sandard deviation of 0.07. Within the
MAXINE spreadshest, this term does not appear directly, but rather isamultiplier used to
determine the decayed and depleted relative air concentration. The depletion term is therefore
accounted for by setting the decayed and depleted relative air concentration to the mean vaue of
0.7 instead of a congtant value of one.

3.1.3. Breathing Rate

The digtribution of annua breathing rate is best described by anorma distribution with a mean of
8,500 nlyr and a standard deviation of 1,700 nt/yr (Hamby 1993). This differs dightly from the
US NRC default of 8,000 n/yr (US NRC 19774).

3.1.4. Decay Constant

The decay congtant is assumed to be a highly precise number with little variation and therefore a
triangular distribution was assigned with amode of 8.0207 and arange of £0.1% (Hamby and
Benke 1999).
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3.1.5. Time Period From Release to Receptor

The average distance to the Ste boundary for a center of Ste releaseisroughly 10 miles. At the
average wind speed of about 4 m/s, the plume travel time to the site boundary is about 1 hour.
Given that the half-life of 1-131 is 8 days, a one-hour travel time would reduce the activity by less
than 1%. For conservatism, the travel time is assumed to be a congtant value of zero.

3.2. Vegetable and L eafy Vegetable Consumption Pathway

3.2.1. Consumption Rate of Vegetables

According to USNRC Regulatory Guide 1.109 (USNRC 1977a) the recommended usage vaue
for the MEI for the consumption of fruits, vegetables (other than leafy), and grainsis 520 kg/yr for
adults. Thisvadueisonly to be used in lieu of ste-specific data. The land and water use study
done at SRSin 1990 (Hamby, 1991) yielded a maximum value of 276 kg/yr and an average vaue
of 163 kg/yr. These vaues were estimated from an USDA survey for 1977-1978 for southern
households (USDA 1983). According to a1965 USDA survey, the average consumption of
fruits, vegetables and grains was 176 kg/yr for adults (USDA 1965).

The USDA performed household surveysin 1955 by region for foods used (USDA 1955). The
drawback with this survey isthat it isfor entire household of which the number of individuds can
vary. Also, foodstuff used does not take into account waste. For households of only one personin
al urbanization’s (rural and urban) in the south, the totd vegetable, fruit and grain intake averaged
446 kg/yr which includes legfy vegetables and waste that is discarded. Considering that this vaue
included wagte that is discarded with no known percentages, these numbers are of little vaue.

During the latefifties, diets in the south were particularly poor, meaning that a significant portion did
not meet the later-defined criteria for recommended daily dlowance (RDA) of vitamins and
mineras (Tippeit e. d 1999). Dietswere dso high in fat with meat consumption and whole milk
consumption being higher than when compared with today. This information implies that vegetable
consumption was lower in the latefifties.

Conddering that vegetable consumption was lower during the time period of the late fifties, amean
vaue of 150 kg/yr is somewhat arbitrarily assgned to this parameter which is dightly lower than the
averages for the two later surveys. As Hamby (1993) recommends alognorma digtribution is
assumed. A geometric standard deviation of 2.0 is estimated from plotting percentile consumption
vaueswithin Pao et al. (1982).

3.2.2. Consumption Rate of Leafy Vegetables
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Leafy vegetables include cabbage, |ettuce, and dark-green leafy vegetables. The consumption rate
of leafy vegetables is determined using smilar logic to that of non-leafy vegetables. USNRC
(19778) assumes a maximum vaue of 64 kg/yr for adults. The land and water use study (Hamby,
1991) done & SRS in 1990 yieded a vaue maximum vaue of 43 kg/yr and an average vaue of 21
kglyr. These vaues were estimated from an USDA survey for 1977-1978 for southern
households (USDA 1983).

Considering the lower vegetable consumption during the fifties as discussed above, amean vaue of
19 kg/yr is somewhat arbitrarily assgned to alognorma distribution with a geometric standard
deviation of 2.0. The geometric Sandard deviation was determined by plotting percentile
consumption vaues taken from Pao et a. (1982).

3.2.3. Fraction of vegetables that are home grown

For the fraction of vegetables that are home grown, the USNRC (1977a) recommends a vaue of
1.0for leafy vegetables and 0.76 for other vegetables. The more recent survey conducted by
Hamby (1991) determined the same va ues whereas a survey for SRS around 1980 recommended
vaues of 0.75 and 0.76 for leafy and other vegetables, respectively.

According to the USDA (1955) half of the vegetables are grown a home. South Carolina (and
the Savannah River areq) has along growing season lasting about 9 months with some types of
leafy vegetables potentidly being produced year round. Using the 1955 survey vaues (0.5) asthe
likeliest vaue, atriangular digtribution is assigned for both non-leafy and other vegetables.
Congdering growing seasons, the ranges for non-leafy and leafy vegetables are assumed to be
0.25t0 0.75 and 0.25 to 1.0, respectively.

3.2.4. Fraction of nuclide deposited that remains on the surface of the plant

The fraction of nuclide deposited that remains on the plant surface is primarily afunction of type
and dengty of vegetation, particle sze, and rainfdl rate. Due to the high dependence on rainfdl
rate, this parameter can vary grestly.

Following nuclear weapons tests, 1-131 concentrations were mesasured in rain and vegetation
showing alarge range of variation. These experimentsyield a uniform distribution with limits of
0.09t0 0.9 (Bouwville et d. 1990).

3.25. Weathering Rate

In addition to radiologica decay, once radionuclides are deposited on vegetation surfaces
environmental processes will begin to remove them. The magor remova processes are wind
removal, water removal, growth dilution, and herbivorous grazing. These remova processes are
represented by the weathering rate. This effective removd rate includes the sum of environmental

10



WESTINGHOUSE SAVANNAH RIVER COMPANY WSRC-RP-2001-00334, Rev. 1

losses and radioactive losses. Given the short radiologica haf-life of 1-131 (8 days), the
westhering losses have little effect on total removal.

The default recommended by USNRC (1977a) for environmenta lossesis 18.07 /yr (14 day
effective hdf time). Miller and Hoffman (1979) refer to awide range of experimentsinvolving
environmenta losses of 1-131 with ranges of effective hdf times between 4 and 30 days for 1-131.
The mean environmental half time was assumed to be 14 days and follow alognormd digtribution
as shown in Miller and Hoffman (1979). A geometric sandard deviation of 1.4 is estimated from
plots showing percentiles within Hoffman and Baes (1979).

3.2.6. Crop Exposure Time

USNRC Regulatory Guide 1.111 (1977b) assumes a crop exposure time of 60 dayswhich
corresponds to the average time it takes for a vegetable to grow to an edible state. Hamby (1991)
further refined this estimate to a vaue of 70 days due to the longer growing season in the south.
This number will vary based on vegetable type. The crop exposure time is assumed to have a
normd distribution with amean vaue of 70 and a standard deviation of 7 days.

3.2.7. Productivity for other vegetables

For South Carolinain 1969, there were six principa fresh market vegetables: cabbage,
cantaloupes, cucumbers, snap beans, tomatoes, and watermelons. Productivity for these
vegetables averaged 0.6 kg/n with a standard deviation of 0.19 (Taylor 1971). Datafor Georgia
for 1959 was not detailed enough to determine vegetable productivity. Using awider range of
types of vegetables Hamby (1991) determined a productivity of 0.7 kg/n? with alognormal
distribution. The 1969 data for South Carolinawill be used with amean of 0.6 kg/n? and a
geometric Sandard deviation of 1.4 following alognormd distribution.

3.2.8. Productivity of leafy vegetables

Data on leafy vegetable production for the period of the late fiftiesis nonexigtent. Currently leafy
and other vegetables are assumed to have the same productivity. Therefore, amean of 0.6 kg/n?
will be assumed with a geometric standard deviation of 1.4 with the data being lognormaly
digtributed. This agrees with the distribution for other vegetables.

3.2.9. Soil/Plant Uptake Ratio

For iodine, USNRC Regulatory Guide 1.109 recommended a soil/plant uptake ratio of 0.02. This
value was taken from studies done in the 1960's by Ng et a. (1968). Sheppard et a. (1993)
performed detalled experiments on soil/plant uptake ratios for severa eements including iodine.
The crops that were analyzed included beets, cabbage and corn. Vauesranged from 0.024 to

11
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0.15 with aweighted average of 0.09 over dl vegetation types. Since these vaues vary according
to vegetation type, a uniform didtribution is assumed with arange of 0.02 to 0.2.

3.2.10. Time over which buildup of radionuclides occur

Time over which buildup of radionuclides occur refersto that time period which the process has
been operating. Operations at SRS began in 1954 so for the time period of 1955-1961 the
buildup time would be anywhere from 1 to 7 years. When actua monthly releases are modeled the
gppropriate number of years could be input, but otherwise a uniform distribution between 1 and 7
yearsis assumed.

3.2.11. Surface Soil Density

The bulk density of soil a SRS averages 1.6 g/ent with a standard deviation of 0.11 (Looney et
al. 1987). This corresponds to a surface soil density of 240 kg/n¥ with a standard deviation of 17.
A norma digtribution is assumed.

3.2.12. Hold-up time after Harvest

This parameter represents the time after harvest that the produce sits before being consumed by
the individual. USNRC Regulatory Guide 1.109 (1977a) recommends values of 1 day and 6 days
for leafy vegetables and non-leafy vegetables, respectively (Note: Reg Guide says 60 days, but this
isaknown typographica error). In lieu of no better data being obtainable, these vaues are used
asthe meansfor this study. A normd digtribution is assigned with standard deviations of 0.1 days
and .6 daysfor leafy and other vegetables respectively.

All other parameters not addressed have the same uncertainties as those listed under the previoudy
discussed pathways.

3.3. Milk and Beef Consumption Pathways

Since the consumption of milk and beef use many parameters that overlap, these parameters are
addressed together.

3.3.1. Fraction of Time Cattle Spend on Pasture

The fraction of time that cattle pend on pasture was not pecificaly identified in Regulatory Guide
1.109, but is obtained from the GASPAR manua (Eckerman et a. 1980). The recommended
valueis0.75 for both beef and milk caitle. This parameter was further refined by Hamby (1991)
for southern climates and increased to 1.0. A uniform distribution is assumed with arange of 0.75
to 1.0 for both beef and milk cattle.

12
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3.3.2. Fraction of time Grazing while on Pasture

The fraction of time that cattle graze while on pasture was not specificdly identified in Regulatory
Guide 1.109, but is obtained from the GASPAR manua (Eckerman et d. 1980). The
recommended value was conservatively assumed to be 1.0 for both beef and milk cattle. Hamby
(1991) further refined this parameter to vaues of 0.56 and 0.75 for milk and beef cows,

respectively.

Consumption by cattle varies by age, type, and season. According to Williams (1958) and Allen
(1966) cattle thrive on a combination of grazing on coasta bermuda grass, grain, and hay. Coastal
bermuda grass grazing begins in the soring and continues typicaly through the end of the year a
which time supplementa feeding includes grester amounts of hay. Therefore, roughly three months
out of the year grazing isa aminimum. During the other times of the year grazing is Hlill
supplemented with grain and or hay. A uniform digtribution is assigned with arange of 0.5t0 0.75
for both beef and milk cattle.

3.3.3. Feed Transfer Coefficients

This parameter represents the ratio of equilibrium between the concentration of 1-131 in milk or
meet to the daily amount ingested by the anima. According to USNRC Regulatory Guide 1.109
(1977a), the vaues for meat and milk are 2.9E-03 d/kg and 6.0E-03 d/liter. For milk, Hoffman
and Baes (1979) recommend alognormal distribution with a mean value of 1.2E-02 d/liter. For
meat the USRNC Regulatory Guide vaue of 2.9E-03 d/kg is used as the mean with alognormal
digribution. The geometric standard deviations for transfer factors for meat and milk are estimated
to be 2.2 and 2.0 respectively. These geometric sandard deviations were estimated from
probability plots contained within Hoffman and Baes (1979).

3.34. Cattle Feed Rate
According to USNRC Regulatory Guide 1.109 feed consumption rates for both milk and beef
cowsis assumed to be 50 kg/d (wet weight). This estimate was further refined by Hamby (1991)

to be 36 kg/d and 52 kg/d for beef and milk cows, respectively. A norma distribution is assumed
for both with a standard deviation of 8 and 11 kg/d for beef and milk cows, respectively.

3.3.5. Crop Exposure Time

Crop exposure time for both pasture grass and stored feed is assumed to have the same
digtribution as crop exposure time for vegetables: anormal digtribution, mean 70 days and
standard deviation of 7 days.

3.3.6. Holdup Time

13
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Hold up time would essentidly be zero for pasture grass since grazing is continud. However, this
would not be the case when rotationd grazing is used (Suman and Woods 1966). This practice
includes rotating animas every 7-10 days and the grass is fertilized and mowed as necessary.
Therefore a custom digtribution is assumed with a value of zero 75% of the time and 7 days for the
remaining 25% of thetime.

For stored feed Hamby (1991) recommends a hold-up time of 90 days. Thisvaueisused asthe
mean of anormd digtribution with a andard deviation of 9 days.

3.3.7. Transport Time

Trangport time refers to the time period from milking to consumption and daughter to consumption
for milk and beef cows, respectively. According to USNRC Regulatory Guide 1.109 (USNRC
1977a) the transport times for milk and beef are 4 days and 20 days, respectively. Hamby (1991)
further refined these estimates by conversations with loca farmersto 3 days and 6 days for milk
and besf, respectively. No information could be obtained for these times for the late fifties.
However, in USDA (1955) the statement is made that 68% of the milk is home-produced which
would imply anegligible trangport time for this portion of the population. With thisin mind, a
lognormd digtribution is assigned to milk transport time with amean of 3 days and a geometric
gtandard deviation of 1.5. For beef cattle alognormd ditribution is assigned with amean of 6
days and a geometric standard deviation of 1.4 as taken from Hamby (1993).

3.3.8. Productivity of pasturegrass, Y,

Productivity data for pasture grass for the late fifties are nonexistent therefore, the USNRC default
of 0.7 kg/m? (USNRC 1977a) will be used as the mean for alognorma distribution with a
geometric standard deviation of 1.8 as estimated from probability plots within Hoffman and Baes
(1979).

3.3.9. Productivity for stored feed

For the latefifties, the primary type of stored feed used for cattle consumption was hay. Georgia
county farm Statistics (USDA 1967) were consulted for the yidd for 1959. For South Carolina,
datawas found for 1969 (Taylor1971). Plotting this datayielded alognormal distribution with a
mean of 0.4 and a geometric sandard deviation of 1.4. The use of alognormal distribution agrees
with later published data by Hoffman and Baes (1979).

3.3.10. Milk Consumption Rate
Milk consumption is typically reported for total milk products consumed including cheese, yogurt,

ice cream and etc. The USNRC (19774) default for milk consumption is 110 L/yr for the average
individua and 310 L/yr for the maximaly exposed individua. Hamby (1993) recommends avdue

14
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of 77 L/yr with alognormd digribution. Using the USDA survey (USDA 1955), which has the
limitations discussed under the vegetable consumption section, the single household has an average
consumption of 210 L/yr for regionsin the South. Also this same study States that only 68% of the
milk is produced a home.

More recent sudies that discuss the trending of consumption of various commodities say the
consumption of milk has decreased over the years specificaly with a percentage decresse of 12%
from the 1985 to the 1989 surveys. Consumption of fat has greetly decreased in recent years, but
this has no effect on milk consumption since there has been a reduction in the consumption of
whole milk and an increase in the consumption of skim and reduced fat milks.

Milk consumption is assumed to be 140 L/yr with alognorma distribution and a geometric
dandard deviation of 2.6. Thismean is equivaent to the average household consumption for the
period adjusted by the fraction that is home-produced and is dso higher than the current values
that are used. The geometric standard deviation was estimated from plots of consumption data
taken from Pao et al. (1982).

3.3.11. Beef Consumption Rate

The USNRC (1977a) default for consumption of beef is 95 kg/yr and 110 kg/yr for the average
and maximaly exposed individud, respectively. Hamby (1991) further refined this estimate to 43
kg/yr for the average individua and 81 kg/yr for the maximally exposed individud.

From the USDA (1955) survey, the average consumption of mest, poultry, and fish was 110 kg/yr
for sngle households. This average includes waste, which isdiscarded. As Stated earlier, diets
were higher in fat in the 1950' s when compared to current day (USDA 1955). Beef isone food
group from which the higher amounts of fat were obtained.

Beef consumption is assumed to have a mean value of 90 kg/yr and follow alognormd digtribution
with a geometric sandard deviation of 2.6. The geometric standard deviation was estimated from
plots of consumption data taken from Pao et al. (1982).

All other parameters not addressed have the same uncertainties as those listed under the previoudy
discussed pathways.

3.4. Ground Shine Pathway

3.4.1. Shielding Factor

The shielding factor that is recommended by USNRC Regulatory Guide 1.109is 0.5 (USNRC
19774). Due to unimportance of thisfactor auniform digtribution is arbitrarily assgned with a
range of 0 to 1.0.

15
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3.5, Uncertainty in Transport Factors

Uncertainty in the transport factors was propagated using the above-defined parameters and the
software Crystd Bal ©. Crysa Ball © uses any Microsoft Excel spreadsheet and applies either
Lain Hypercube sampling or Monte Carlo smulations to estimate uncertainty from defined
equations.

A spreadsheet cdled MAXINE (Hamby 1994) was utilized with Crystal Ball to propageate the
uncertainties. MAXINE generates estimates of maximum individua dose from routine releases of
radionuclides to the atmosphere given relative air concentrations and relative depositions as input.
To develop a probability digtribution solely for the transport factors, dispersion factors and dose
conversion factors were set to constant values of one and the release amount was set to 2.7E-11
Ci/yr, which equatesto 1 Bq per year. Therefore, the resulting ‘doses’ actudly represent the
trangport factors for each of the pathways. Figures 1 through 5 show the transport factors for each
pathway. Theresults of this andyss are shown in Appendix A in their entirety. The report
includes the frequency distributions for each of the pathways as well as a report showing sengtivity.
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Figure2. Trangport Factor for Ingestion of Vegetables
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Figure5. Trangport Factor for Shine

4. CONCLUSIONS

Uncertainties have been determined for transport factors used to calculate offSte dose. By
performing a preliminary sengitivity analys's, research areas were more focused. This dlowed for
the uncertainty analyssto be completed in atimely and cost-effective manner. The parameter that
appears to have the biggest effect on doseisthe fraction of iodine that is elemental. Further
research in this area could greatly improve the uncertainty estimates.
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APPENDIX A. Transport Factor Uncertainty Using Crystal Ball



WSRC-RP-2001-00334, Rev 1

Crystal Ball Report
Simulation started on 11/8/01 at 15:29:01
Simulation stopped on 11/8/01 at 15:31:04

Sensitivity Chart
Target Forecast: Total Dose
Elamental lodine Fractiont 7.0%
Retained Fraction (odines) 24.6%
Vegatable Consumgtion 88%
Mik Consumption 67%
Produce Productivity: 28%
Mk Transfer Factor 25%
Fraction of Produce from Garder: 1.3%
Lealy Vegetable Consurmption 09% |
Weathering Fate Constant: 0.8%
Mik Cattle Feed Consumption (52) 0.3%
Pasture Grass Holdup Time: 0.3%
Fraction Intale from Pasture (milk: 0%
Fraction of Leaty Vegs from Garden: 0.1%
| Faction tale fom Pastur ool 0.1%
0% 25% 0% % 100%
Measured by Contibution to Varance
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Forecast: Shine Dose

Summary:

Stafistics:

WSRC-RP-2001-00334, Rev 1

Cell: B270
Display Range is from 3.5e-10to 1.7E-5
Enfire Range is from 3.5E-10 to 2.0E-5
After 10,000 Tridls, the Std. Error of the Mean is 4.6E-8
Yalue
Tricils 10000
Mean 5.2E-06
Median 3.9E-06
Mode —
Standard Deviation 4.6E-06
Variance 2.1E-11
Skewness 0.98
Kurtosis 3.16
Coeff. of Variability 0.88
Range Minimum 3.5E-10
Range Maximum 2.0E-05
Range Width 2.0e-05
Mean Std. Error 4.58E-08
Forecast: Shine Dose 4—1
10,000 Trials Frequency Chart 136 Outliers
o4 1 - 488
037 - 366
oy uy
E 024 244 g
2 &
[-] =
& o 2z &
000 - [ V]
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Forecast: Shine Dose (cont'd)

Percentiles:

End of Forecast
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3.5E-10
4207
1.0E-06
1.8E-06
2.8E-06
3.9E-06
5.2E-06
6.98-06
9.2E-06
1.2E-06
2.0E-05

WSRC-RP-2001-00334, Rev 1

Cell: B270
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Forecast: Inhalation Cell: C270

Summary:
Display Range is from 9.7E-8 to 3.3E-7
Entire Range is from 5.3E-8 fo 4.0E-7
After 10,000 Trials, the Std. Error of the Mean is 4.5E-10

Statistics: Value
Trials 10000
Mean 2.1E-07
Median 2.1E-07
Mode —
Standard Deviation 4.5E-08
Variance 2.0E-15
Skewness 0.08
Kurtosis 2.97
Coeff. of Variability 0.21
Range Minimum 5.3E-08
Range Maximum 4.0e-07
Range Width 3.5E-07
Mean Std. Error 4.46E-10

Forecast: Inhalation

10,000 Trials Frequency Chart 97 Outliers
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Forecast: Inhalation (cont'd)

Percentiles:

End of Forecast
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5.3E-08
1.6E-07
1.7e-07
1.9€-07
2.0E-07
2.1E-07
2.28-07
2.3e-07
2.5e-07
2.78-07
4.0e-07
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Cell: C270
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Forecast: Vegetables Cell: D270

Summary:
Display Range is from 3.5E-7 to 1.8E-3
Entire Range is from 4.0E-8 to 7.3E-3
After 10,000 Trials, the Std. Error of the Mean is 5.1E-6

Statistics: Value
Trigls 10000
Mean 4.0E-04
Median 2.4E-04
Mode -
Standard Deviation : 5.16-04
Variance 2.6E-07
Skewness 3.68
Kurtosis 26.64
Coeff. of Variability : 1.28
Range Minimum 4.0E-08
Range Maximum 7.3E-03
Range Width 7.36-03
Mean Std. Error 5.13E-06

Forecast: Vegetables
10,000 Trials Frequency Chart 250 Outiiers
053
040 4
2
3 o
2
Q
0‘: 013
000 -
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Forecast: Vegetables (cont'd)

Percentiles:

10%
30%
40%
70%
80%

100%

End of Forecast
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4.0E-08
3.5E-05
7.4E-05
1.2E-04
1.7E-04
2.4E-04
3.2E-04
4.3E-04
6.1E-04
9.5E-04
7.3E-03
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Cell: D270
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Forecast: Cow Milk Cell: E270

Summary:
Display Range is from 1.4E-8 o 2.4E-3
Entire Range is from 1.4E-8 to 3.9E-2
After 10,000 Trials, the Std. Error of the Mean is 8.0E-6

Statistics: Value
Tricls 10000
Mean 2.7E-04
Median 7.2E-05
Mode —
Standard Deviation- 8.0E-04
Variance 6.4E-07
Skewness 19.46
Kurfosis 723.52
Coeff. of Variability 2.99

" Range Minimum , 1.4E-08
Range Maximum ' 3.9E-02
Range Width 3.9E-02
Mean Std. Error 7.98E-06

Forecast: Cow Miik

10,000 Trials Frequency Chart 141 Outliers
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Forecast: Cow Milk (cont'd) Cell: E270
Percentiles:
Percentile Yalue
0% 1.4E-00
10% 6.6E-06
20% 1.6E-05
30% 2.8E-05
40% 4.7e-05
50% 7.2E-05
60% 1.1E-04
70% 1.8E-04
80% 3.1E-04
Q0% 6.2E-04
100% 3.9E-02
End of Forecast
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Forecast: Meat Cell: F270

Summary:
Display Range is from 2.2E-10 fo 2.5€-4
Entire Range is from 2.2E-10 fo 4.4E-3
After 10,000 Trials, the Std. Error of the Mean is 8.3E-7

Stafistics: Yalue
Trigls 10000
Mean 2.3E-05
Median 5.8E-06
Mode —_
Standard Deviation 8.3E-05
Variance 6.96-09
Skewness 25.05
Kurtosis 1,063.39
Coeff. of Variability 3.63
Range Minimum 2.2E-10
Range Maximum 4.4E-03
Range Width 4.4E-03
Mean Std. Error 8.32E-07

Forecast: Meat
10,000 Trials Frequency Chart 128 Outliers
a2 - 322
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£ y
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forecast: Meat (cont’d)
percentiles:

percentile
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

End of Forecast
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2.26-10
4.9€-07
1.2E-06
2.26-06
3.6E-06
5.86-06
8.8E-06
1.4E-05
2.4E-05
5.0E-05
4.4E-03
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Cell; F270



Forecast: Total Dose

Summary:

Display Range is from 8.0E-7 to 3.4E-3
Entire Range is from 2.1E-7 to 4.0E-2

After 10,000 Trials, the Std. Error of the Mean is 1.0E-5

WSRC-RP-2001-00334, Rev 1

Cell: G270

Statistics: Value
Trials 10000
Mean 7.0E-04
Median 4.0E-04
Mode —
Standard Deviation 1.0E-03
Variance 1.1E-06
Skewness 10.43
Kurtosis 275.88
Coeff. of Variability 1.50
Range Minimum 2.1e07
Range Maximum 4.0E-02
Range Width 4.0E-02
Mean Std. Error 1.04E-05
Forecast: Total Dose 41
10,000 Trials Frequency Chart 189 Outliers
057 I 572
043 429
Foy y
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.000 - . 0
8.0E-7 8.664 1.763 2663 34E3

Page 33



Forecast: Total Dose (cont'd)

Percentiles:

10%
30%
40%
70%
80%

100%

En_d of Forecast
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2.1E-07
6.2E-05
1.3E-04
2.0e-04
2.9E-04
4.0E-04
5.5E-04
7.4E-04
1.0E-03
1.68-03
4.0E-02
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Cell: G270
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Assumptions
Assumption: Breathing Rate: Cell: D20
Normal distribution with parameters: Bresthing Pe:
Mean 8,500
Standard Dev. 1,700 '
Selected range is from -Infinity to +Infinity t
Assumption: T-haif Cell: K172

Triangular distribution with parameters:

T-helt
Minimum 8.01
Likeliest 8.02
Maximum 8.03 .

Selected rchge is from 8.01 10 8.03

Assumption: Produce Productivity: Cell: D32

Lognormal distribution with parameters: Produce Produdivty:
Geometric Mean 0.6
Geometric Std. Dev 14

Selected range is from 0.0 to +Infinity |

Assumption: Milk Transfer Factor : Cell: F173

Lognormal distribution with parameters: Mtk Tranofer Factor

Geometric Mean 9.6E-03
Geometric Std. Dev 2.0E+00
selected range is from 0.0E+0 to +infinity firsg V2

{
1263 1962 sE2 54E2 1162
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Assumption: Vegetable Consumption Cell: E14
Lognormal distribution with parameters: Voystable Conmimrption
Geometric Mean 117.13
Geometric Std. Dev - 202
Selected range is from 0.00 to +infinity ioss - 1500 .
Assumption: Leafy Vegetable Consumption Coell: E15
Lognormal distribution with parameters: Losty Vegetable Conminption
Geometric Mean 14.91
Geometric Std. Dev 2.01
Selected range is from 0.00 to +Infinity ez 1020)
Assumption: Milk Consumption Coll: E16
Lognormal distribution with parameters: Milk Coneuption
Geometric Mean 82.00
Geometric Std. Dev 2.59
Selected range is from 0.00 to +Infinity T .
Assumplion: Meat Consumption Cell: E17

Lognormal distribution with parameters:

“r
Geometric Mean 6793
Geometric Std. Dev 2.56
Selected range Is from 0.00 to +Infinity [EXCE] .

73 T2 88 9670

Page 36



Assumption: Deposition Buildup Time:
Uniform distribution with parameters:

Minimum ]
Maximum 7

Assumption: Elemental lodine Fraction:

Uniform distribution with parameters:

Minimum 0.00
Maximum 0.60
Assumption: Absolute Humidity:

Uniform distribution with parameters:
Minimum 0.01013
Maximum 0.01238

Assumption: Tritium Plant-to-Air Ratio:

Uniform distribution with parameters:
Minimum 0.49
Maximum 0.59
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Cell: D19

Depodition Bulidup Time:

-
-
-
-

Cell: D21

Elemental lodine Fadtion:

|

030 045 080

Cell: D22

Absolute Humidity:

1

001013 001080 001128 on1184 001238

Cell: D23

Tritium Plant-to-Al¢ Ratio:

|

040 951 54 0s7 050



Assumption: Shielding Factor:

Uniform distribution with parameters:

Minimum 0.00
Maximum 1.00
Assumption: Retained Fraction (iodines):
Uniform distribution with parameters:
Minimum 0.09
Maximum 0.90

Assumption: Retained Fraction (particulates):

Uniform distribution with parameters:
Minimum
Maximum

0.09
0.90

Assumption: Weathering Rate Constant:
Lognormal distribution with parameters:
Geometric Mean 17.2
Geometric Std. Dev 14

Selected range is from 0.0 to +infinity
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Cell: D24

Shidding

|

02s 050 078

Ceoll: D26
Retained Fraction (lodines):
Cell: D27
Retelned Frection (particulates):
Cell: D28

Waeathering Rate Constant:




Assumption: Crop Exposure Time:

Nomnal distribution with parameters:
Mean
Standard Dev.

0.192
0.019

Selected range is from -Infinity to +infinity

Assumption: Pasture Grass Exposure Time:
Normal distribution with parameters:
Mean 0.1920
Standard Dev. 0.0190

Selected range is from -Infinity fo +Infinity

Assumption: Pasture Grass Productivity:

Lognormal distribution with parameters:

Geometric Mean 0.6
Geometric Std. Dev 1.8
Selected range is from 0.0 to +Infinity
Assumption: Surface Soil Density (15 cm):
Normal distribution with parameters:
Mean 240
Standard Dev. 17

Selected range is from -Infinity to +infinity
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Cell: D29

Crop Expoeure Tim

g

0492

0183 022t 0.

Cell: D30

Pasture Gress Exposure Tinw:

Cell: D31

Pasture Grass Productivity:

28 34

Cell: D33

Surfecs Soil Density (15 omj:
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Assumption: Pasture Grass Holdup Time: Cell: D34
Custom distribution with parameters: Relative Prob.
Single point 0.00000 0.750000
Single point 0.01918 0.250000
Total Relative Probability 1.000000
Pasture Grass Holdup Time:
™
Assurﬁpﬁon: Stored Feed Holdup Time: Cell: D35

Normal distribution with parameters:
Mean 0.24700
Standard Dev. 0.02470

Selected range is from -Infinity to +Infinity

Assumption: Leafy Vegetable Holdup Time:
Normal distribution with parameters:
Mean 0.00274
Standard Dev. 0.00027

Selected range is from -Infinity to +Infinity

Assumption: Produce Holdup Time:
Normnal distribution with parameters:
Mean 0.01640
Standard Dev. 0.00164

Selected range is from -Infinity to +Infinity
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Stored Feed Holdup Time:

017290 020005 024700 028405 032110

Cell: D36
Laety Vogatable Holdup Time:
Cell: D37

Produce Holdup Time:

001148 001304 001840 001888



Assumption: Milk Cattle Feed Consumption (52):

Normal distribution with parameters:
Mean
Standard Dev.

52
11

Selected range is from -Infinity to 4Inﬁnity

Assumption: Beef Cattie Feed Consumption:
Normal distribution with parameters:

Mean

36
Standard Dev. 8

Selected range is from -Infinity to +Infinity

Assumption: Feed-Milk-Man Transport Time:

Lognormal distribution with parameters:
Geometric Mean 0.00781
Geometric Std. Dev 1.37725

Selected range is from 0.00000 to +Infinity

Assumption: Fraction of Year on Pasture (beef):

Uniform distribution with parameters:
Minimum
Maximum

0.7
1.00
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Cell: D38

Milk Cattie Feod Consumption (52):

Cell: D39

Beel Cuttie Food Coneumption:

Cell: D40

Food-Mik-Man Transport Time:

001170

001605

Cell: D41

Fraction of Yesr on Pasture (besf):




Assumption: Fracﬁbn of Year on Pasture (milk):

~ Uniform distribution with parameters:
Minimum
Maximum

0.75
1.00

Assumption: Fraction Intake from Pasture (beef):

Uniform distribution with parameters:
Minimum
Maximum

0.50
0.75

Assumption: Fraction Intake from Pasture (milk):

Uniform distribution with parameters:
Minimum
Maximum

0.50
0.7

Assumption: Slaughter o Consumption Time:

Lognormal distribution with parameters:
Geometric Mean 0.0154
Geometric Std. Dev 1.4254

Selected range is from 0.0000 to +Infinity
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Ceoll: D42

Fraction of Year on Pasture (millg:

|

os 0ss 094

Cell: D43

Fraction Intake from Pasture (beef):

|

058 083 ose 0.

E

Ceoll: D44

Fraction Intale from Pasture (mifk):

|

0se " 080 0rs

Cell: D45

00053

00151

00250 00348 00446



Assumpltion: Fraction of Produce from Garden:

Triangular distribution with parameters:

Minimmum 0.25
Likeliest 0.50
Maximum 0.76

Selected range is from 0.25 t0 0.75

Assumption: Fraction of Leafy Vegs from Garden:

Triangular distribution with parameters:

Minimum 0.25
Likeliest 0.50
Maximum 1.00
Selected range is from 0.25 to 1.00
Assumption: E173
Uniform distribution with parameters:
Minimum 2.0E-02
Maximum 2.0E-01

Assumption: G173
Lognormal distribution with parameters:
Geometric Mean 2.2E-03
Geometric Std. Dev 2.2E+00

Selected range is from 0.0E+0 o +Infinity

Page 43

WSRC-RP-2001-00334, Rev 1

Cell: D46

Fration of Produce from Garden:

Cell: D47

Frldion of Leafy Vegs from Garden:

044

08 os

Cell: G173

B

106-2 1462



Assumption: Depleted X/Q:
Normal distribution with parameters:
Mean 7.0E-01
Standard Dev. 7.0E-02

Selected range is from -Infinity to +Infinity

End of Assumptions
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Cell: D11

Depleted X/0:

49E S0E-1 T0E-1 BIES BIEY





